In a suspension culture of iPS cells, the shear stress generated during mixing is expected to promote differentiation of induced pluripotent stem (iPS) cells. The stress on the cells can be controlled by rotational rate and shape of impeller. However, it is difficult to optimize these operative parameters by experiments. Therefore, we have developed a numerical model to obtain the average and the maximum shear stress in two kinds of stirred tanks and an orbital shaking cylindrical container. The present results showed that the shear stress strongly depended on the type of mixing and lesser extent on the shape of the impeller. The average shear stress is larger in the shaking mode than that in the stirring mode. In contrast, the maximum shear stress is much smaller in the shaking than the stirring. These results suggest that stirring and shaking should be selectively used depending on the application.
INTRODUCTION
Induced pluripotent stem (iPS) cells have the ability to become various kinds of cells and proliferate almost infinitely (Takahashi et al. 2007 ). Therefore, they are expected to play an important role in the field of regenerative medicine. However, producing a large organ needs 10 8 -10 9 
NUMERICAL ANALYSIS

Computational Condition
The following assumptions were made in the present model to represent the iPS cells: (1) A colony of iPS cells is a solid spherical particle and does not change in The kinematic viscosity of culture is 1.1×10 -6 m 2 /s, the specific gravity of particles used is 1.005, the particle Masaki Yano, Takuya Yamamoto, Yasunori Okano, Toshiyuki Kanamori, and Masahiro Kino -oka 75 diameter is 1mm and the total number of particles is 208 in stirring and 196 in shaking. On the wall, no-slip condition is imposed on the flow velocity.
Stirring
We coupled CFD with DEM. A one-way coupling approach was used, that is, the movement of particles is affected by the fluid flow but the fluid flow is not affected by particles' motion. The particle-particle interaction is neglected.
DEM Equations
DEM is utilized to calculate the movement of particles. In this approach, the motion of each particle is governed by the Newton's second law of motion: 
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Re is Reynords number of particle, d is diameter,  is viscosity. The suffixes s and f stand for solid and fluid, respectively.
CFD Equations
CFD is adopted to calculate the fluid flow. A sliding mesh technique is employed to simulate the rotating impeller. The motion of fluid is governed by the equations of continuity and Navierstokes:
Shaking
We coupled CFD-DEM with VOF to model free surface. Governing equations of DEM and CFD are similar to the case of stirring.
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VOF Equation
In the VOF method, fraction function is defined as α = 1 for fluid, α = 0 for air and 0 < α < 1 for the interface. Algebraic VOF is governed by the following transport equation with the fraction function (Rusche 2002) .
Discretization and Coupling Units
When we conduct CFD including VOF, the governing equations were discretized by the finite volume method and the velocity and pressure fields were coupled by the PISO algorithm (Issa 1986) . The values on cell interfaces were calculated by a second-order linear interpolation scheme. For the discretization of time derivative, the first-order implicit Euler method was applied. In this study, we focused on the effect of shear stress.
Therefore, fewer colonies compared to that of the actual experiments in the stirred tank were used, and one-way coupling approach must be reasonable.
RESULTS AND DISCUSSION
Code Validation of Stirring and Shaking
In this study, we compared our In this section, we discussed the reliability of the present numerical code in calculating the fluid flow in stirring and shaking. Results showed that the numerical models were developed correctly.
Therefore, in the next section, particles are inserted in a stirred tank and an orbital
shaken cylindrical container to model actual suspension culture for iPS cells.
One -Level and Two -Level Impeller of
Stirring vs Shaking
Numerical configurations of stirring model with two setups of the impellers are shown in Figure  5 . Numerical configuration of the shaking model was a 100 mm dish with the cylindrical shape similar to that in Figure 1 (b) . The geometrical and operative parameters are shown in Table 2 . For stirring and shaking, 
CONCLUSION
The present simulation results show that the slip velocity averaged over all particles of one-level impeller is larger than that of two-level. However, the maximum slip velocity of the two-level impeller is larger than that of one-level.
Average shear stress produced during shaking is much larger than that for stirring, but the maximum shear stress 
